Abstract. In this paper, the authors established some new oscillation criteria for the second order nonlinear neutral delay dynamic equations on time scales. Examples illustrating the main results are given.
Introduction
In recent years, there has been much research activity concerning the oscillation of solutions of second order dynamic equations on time scales, see for example [1-12, 17, 19] and the references contained therein. However, there are few results dealing with the oscillation of solutions of neutral delay dynamic equations on time scales, see for example [15, 16, 18] . Motivated by this observation, in this paper we are concerned with the second order nonlinear neutral delay dynamic equation on time scales (r (t )((y(t ) + p(t )y(t − τ))
where T is a time scale.
Throughout this paper we assume the following conditions without further mention:
(H 1 ) γ ≥ 1, and β > 0 are quotients of odd positive integers;
(H 2 ) τ, δ are fixed nonnegative constants such that the delay functions τ(t ) = t − τ < t and
δ(t ) = t − δ < t satisfy τ(t ) : T → T and δ(t ) : T → T for all t ∈ T;
(H 3 ) q(t ) and r (t ) are real valued rd-continuous positive functions defined on T;
(H 4 ) p(t ) is a positive and rd-continuous function on T such that 0 ≤ p(t ) < 1.
By a solution of equation (1.1), we mean a nontrivial real-valued function which has the properties y(t ) + p(t )y(t − τ) ∈ C there exists t > b such that y(t ) = 0 or y(t )y(σ(t )) < 0; Otherwise it is called nonoscillatory.
Since we are interested in oscillatory behavior of solutions, we will suppose that the time scale T under considerations is not bounded above and therefore the time scale is assumed in the form [t 0 , ∞) T = [t 0 , ∞) T.
In this paper we obtain the oscillation criteria for equation (1.1) subject to the following two conditions:
and
In the super linear case, when γ = β ≥ 1, the oscillation of the solution of equation (1.1) was discussed by Saker in [15] under the condition (1.2).
We note that if T = R we have
If T = {t n : n ∈ N}, where {t n } is the set of harmonic numbers defined by t 0 = 0 , t n = n k=1
The paper is organized as follows: In the Section 2, we present some oscillation criteria of solutions of equation (1.1) when (1.2) holds. When (1.3) holds, we also establish some conditions which are sufficient for solutions of equation (1.1) to be oscillatory or converges to zero. Our results include those of Jinfa [13] and I.Kubiaczyk et.al. [14] when T = N and p(t ) is identically zero. In Section 3, we present some examples to illustrate our main results.
Oscillation criteria
First, we consider the case , when condition (1.2) holds, and γ ≥ β ≥ 1. To prove our main result, we will use the following lemma which is called Keller's chain rule.
Lemma 2.1 ([3]). Let f : R → R be continuously differentiable and suppose g
Now we state and prove our main results. Set
Theorem 2.2. Assume that condition (1.2)holds. Furthermore assume that there exist positive rd-continuous delta differentiable functions α(t ) and φ(t ) such that for every b ≥ 1 and a positive number M ,
From equation (1.1) and (H 2 ) we have
and this implies that r (t )(x ∆ (t )) γ is an eventually decreasing function. We first show that
we obtain
which implied by (H 1 ) that x(t ) → −∞. This contradicts the fact that x(t ) > 0 for all t ≥ t 1 .
Hence r (t )(x ∆ (t )) γ is eventually nonnegative. Thus we see that there is some t 1 such that
From (2.2) and (2.4), we have
Then, for t ≥ t 2 = t 1 + δ, we have
Using the last inequality in (2.3), we have
Define
Then w (t ) > 0, and
The Keller's chain rule yields that
Then, for t ∈ [t 2 , ∞) T sufficiently large, we have
Also from (2.4) we have for t ≥ t 2 ,
. Substitute the last inequality in (2.6), we obtain
Since x ∆ (t ) ≥ 0, we have x(σ(t ) − δ) ≥ x(t − δ) and this implies that
Form (2.5) and (2.7), we obtain
Now from equation (2.4), we see that r (t )(x ∆ (t )) γ is positive and nonincreasing function onT, and therefore there exists a t 2 ∈ [t 1 , ∞) T such that r (t )(x ∆ (t )) γ ≤ Further from (2.4) we have
and thus there exists a T ∈ [t 0 , ∞) T and a suitable constant b ≥ 1 such that
Hence
where T 1 = T + δ. Now substitute (2.9)and (2.10) in (2.8), we have
Multiplying (2.11) by φ(s) and integrating from t 2 to t , (t ≥ t 2 ), we have
(2.12)
Using integration by parts, we obtain
From (2.12) and (2.13), we have
∆s.
a contradiction to the condition (2.1). This completes the proof. 
14)
where The following theorem gives Philos-type oscillation criteria for equation (1.1). First let us introduce a new class of functions P which will be extensively used in the sequel.
Then every solution of equation (1.1) oscillates on
[t 0 , ∞) T .
Corollary 2.5. Assume condition (1.2) holds. Let α(t ) be as defined in Theorem 2.2 such that
is said to belongs to the class P if 19) where 
